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The invention relates to a display device coniprising pictuxe el^ents (pixels) 
having at least one first fluid and a second fluid inmusoible with each other above a first 
transparent support plate, the second fluid being electroconductive or polar. 

In general the fluids are contained within a space between the first transparent 
5 support plate and a second support plate, bur this is not strictly necessary. 

If the fluid is a (colored) oil and the second fluid is water (due to interfacial 
tensions) a two-layer system is provided which comprises a water layer and an oil layer. 
However, if a voltage is applied between the water and an electrode on the first support plate 
the oil layer moves aside or breaks up due to electrostatic forces. Since parts of the water now 
1 0 penetrate the oil layer the picture element becomes partly transparent. 

Display devices based on this principle have been described in PCX- 
Application WO 03/00196 (PH - NL 02.0129). 

Xntermediate optical states or gray levels — the optical states between a first 
extreme state and a second extrCTOie state said (e.g. fiilly black and fiiUy white) can be 
IS achieved using intermediate DC-voltage levels betweoa the voltage levels introducing said 
extreme states (e.g. zero and a maximum voltage level). However, in practice the resulting 
gray*-scale stability or reproducibility is experimentally found to be very poor arul 
unacceptable for most applications. 

It is one of the objectives of the invention to provide a display having driving 
20 means, which give an acceptable gray-scale stability. 

To this end a display device according to the invention has driving means for 
applymg voltages to flie electrodes associated with a range of electro-optical states of the 
picture element between and including a first extreme state and a second extreme state said 
driving means providing during selection of a picture element variable voltages to said 
25 picture element. The variable voltages may be alternating voltages having a mean value 

substantially equal to a voltage associated with an electro-optical state of the picture element 
to be set. The variable voltages may comprise a DC part and an AC part the maximum and 
minimum voltages of the alternating voltages having a root mean square average value 
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substantially equal to a voltage associated with an electro-optical state of the picture element 
to be set 

In further embodiments said driving means provide preceding voltages to a 
picture element prior to said voltages associated with the electro-optical states. Said 
5 preceding voltages for instance comprise a set of altemating voltages having an average 
value substantially equal to zero or an average value substantially equal to a voltage 
associated with an electro-optical state of the picture element to be set. 

The invention is based on the insight that the application of these preceding 
voltages improves the homogeneity of the switching behavior of the oil film, avoiding the 
10 local spreading of the oil fihn and reducing tiie probability of breaking the oil film. 

In another embodiment the display device has driving means for applying 
voltages to the electrodes associated wifhiii a range of electro-optical states of the picture 
element between and including a first extreme state and a second extreme state said driving 
means providing prior to selection of a picture element a voltage to said picture element 
15 bringing the picture element into one of the extreme states. 



These and other aspects of the invention will now be elucidated with reference 
to some non-restricting embodiments and the drawing in which 
20 Fig. 1 shows diagrammatically cross-section of a part of a display device, in 

which the invention is used. 

Fig. 2 schematically shows an electrical equivalent of a display device 

Fig. 3 schematically shows a way of driving picture elements in a device 
according to fiie invention, 
25 Fig. 4 schematically shows anotiier way of driving picture elements in a device 

according to the invention. 

Fig. 5 schematically shows a way of driving picture elonents in another device 
according to the invention. 

Fig- 6 schematically shows another way of driving picture elements in a device 
30 according to the invention. 

Fig. 7 schematically shows another way of driving picture elements in a device 
according to the uiv^tion. 

Fig. 8 schematically shows modifications of Figure 7,while 
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Fig. 9 schematically shows another way of driving picture elements in a device 

according to the invention using a reset method. 

The Figures are diagrammatic and not drawn to scale. Corresponding elements 

are generally denoted by the same reference numerals. 

Fig. 1 shows a diagrammatic cross-section of a part of a display device 1 
which shows the prindple on which a display device according to the invention is based. 
Between two tran^arent substrates or support plates 3, 4 a first fluid 5 and a second fluid 6 
are provided, which are immiscible with each other. The first fluid 5 is for instance an alkane 
like hexadecane or as in this example a (silicone) oil. The second fluid 6 is electroconductive 
or polar, for instance water or a salt solution (e.g. a solution of KCI in a mixture of water and 
ethyl alcohol). 

In a first state, when no external voltage is applied (Fig. 1 a) the fluids 5, 6 
adjoin the first and second transparent support plates 3, 4 of e.g. glass or plastic. On the first 
siqjport plate 3 a transparent electrode 7, for example indium (tin) oxide is provided and an 
intermediate less wettable (hydrophobic) layer 8, in this example an amorphous 
fluoropolymer (AF1600). 

When a voltage is appUed (voltage source 9) via interconnections 20, 21 the 
layer 5 moves aside or breaks up into small droplets (Fig. lb). This occurs wh^ the 
electrostatic energy gain is larger than the surface energy loss due to the creation of curved 
sur&ces. As a very unportant aspect it was found that reversible switching between a 
continuous film 5 covering the support plate 3 and a fihn adjoining the wall 2 is achieved by 
means of the electrical switching means (voltage source 9). 

Figure 2 is an elechic equivalent circuit diagram of a part of a display device 1 
to which the invention is applicable. It CQnq>rise8 in one possible embodhnent (one mode of 
driving, called the **passive mode") a matrix of picture elements 1 8 at the areas of crossmgs 
of row or selection electrodes 17 and column or data electrodes 16. The row electrodes are 
consecutively selected by means of a row driver 14, while the column electrodes are provided 
with data via a data register 15. To this end, incoming data 22 are firet processed, if 
necessary, in a processor 13. 

Mutual synchronization between the row driver 14 and the data register 15 
takes place via drive lines 19. The selection electrodes 17 and data electrodes 16 for example 
are connected to fluids 5, 6 via separate electrodes either dh^tly as shown by means of 
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electrodes 20, 21 in Figure i, or via a threshold elements such as a non-linear resistance or 
anon-linear switching element such as aMiM or a diode. A row of picture elements 18 
may be driven by one or more selection electrodes 17; similarly a column of picture elements 
18 may be driven by one or more data electrodes 16. 
5 In another possible embodiment (another mode of driving, called the "active 

mode") signals from the row driver 14 select the picture electrodes via thin-fihn transistors 
(TFTs) 30 whose gate electrodes are electrically connected to the row electrodes 17 and the 
source electrodes are electrically connected to the column electrodes. The signal, which is 
present at the column electrode 1 6. is transferred via the TFT to a picture electrode of a 
10 picture element 18 coupled to the drain electrode. The other picture electrodes are connected 
to. for example, one (or more) common counter electrode(s). In Figure 2 only one thin fihn 
transistor (TFT) 30 has been drawn, sunply as an example. Other "active mode" 
configurations are alternatively possible. Again one or more selection electrodes 17 may 
drive a row of TFTs 30, while one or more data electrodes 16. 
1 5 Figure 3 shows a first pulse pattern sdieme with four pre-pulses (alternating 

voltages) 31 prior to a fixed voltage 32 (within a selection period t^x) for the display. The 
value of the fixed voltage 32 (Vi, V2, V3) determines the gray value. Tlie puke length of the 
pre-pulses is not limited but preferably an order of magnitude shorter than the minimum time 
period required for drivmg the display from fiill black to fifil white state. It is preferred to use 
20 the maximum voltage level which may be available e.g. at a driver IC as the amplitude 
of these pre-pulses 31. The number of these ac pre-pulses for a grayscale transition maybe 
chosen arbitrarily but an even number is preferred and the total thne period of these ac pulses 
in a grayscale transition is preferably less than 50% of the selection period tset- It appears fliat 
the accuracy and stabihty of flie gray levels are improved after using a series of short ac- 
25 pulses prior to the gray level driving pulse before each transition, hi this example, four short 
pulses - two negative and two positive pulses are used, the av«»ge DC voltage being equal 
to zero. 

A finther pulse pattern is sdiematically shown in Figure 4, m which a series of 
short pre-pulses 3 1 is provided prior to the grayscale driving voltage pulse 32 for each 
30 transition.hithisexample.fourshortpulses-twonegativeandtwopositivepulsesareused, 

the average DC voltage being equal to the gray level voltage (Vi, V2, V4). It ^ears that the 
pre-pulses are extremely powerfiil for improving the grayscale reproducibility in 
electrowetting displays. The pre-pulses however produce an optical response, which may 
become visible in particular when longer pre-pulses are used. To reduce this optical 
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disturbance induced by the pre-pulses the pre-pulses preferably are applied with different 
polarity to different parts of the screen 

In the following frame, positive and negative polarities are inverted. The 
perceptual appearance of the display wiU be hardly be effected, since the eye averages these 
short range brightness variations over subsequent fi^es. 

Another possible pulse pattern is schematically shown in Figure 5 in which the 
pre-pulses 31 have a certain ampKtude at ftxe beginning and smaUer amplitude (pre-pulses 
31') at the end of the pre-pulse sequence. The voltage sweeps between negative and positive 
voltage decrease, resulting in lower power consumption (especially at a larger number of pre- 
pulses) 

A fourth embodiment is illustrated in Figure 6, in which the ac pulses have a 
decreased pulse time periods and constant ampUtude. The advantage of this embodiment is 
shortening of the total image update time. In a combined (not shown) embodiment the pre- 
pulses have both variable amplitude and variable pulse time periods. This gives additional 
flexibiUty for an optimal combination leading to minimum image update time, power 
consumption, lower optical flickers and optimal performance. 

It has further been found that improved grayscale reproducibility and 
relatively short image update time are obtained by modifying the grayscale driving voltage 
pulse 32 into a series of short voltage pulses 33 (Figure 7) with alternating ampUtude the 
mean voltage being equal or close to the DC voltage level (Vi,V2) that is required for driving 
the display to the desired gray level. Although not shown, the short voltage pulses 33 may be 
preceded by pre-pulses, similar to those in the embodhnents of Figures 3-6. 

Figure 8' shows a modification in which a series of such short voltage pulses 
33 with a RMS (root mean square) average voltage ^[(yrnJ+Vmta^2\ approxfanately equal 
to fee DC voltage level that is required for driving the display to the desired gray level (Vi) 
as does Figure 8^ in which a series of short voltage pulses has asymmetric time periods with 
a RMS average voltage, which is again ^proximately equal to the DC voltage level that is 
required for driving the display to the desired gray level. 

Figure 9 shows a way of driving the display by using a reset pulse 35 bringmg 
the picture element into one of the extreme states (either fiilly on or fuUy off) before applying 
the grayscale driving pulses 36 for a grayscale transition. The length of this reset pulse is not 
limited but preferably as short as possible, e.g. less than 50% of the total addressmg time, 
depending on the appUcation and the properties of the display element. Since the response 
time and consequently resetting d^ends on the previous gray value, the reset pulse should 
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have a reset voltage and a pulse width (total pulse energy) to reset all possible gray values to 
the initial state. 

If the properties (especially response time) of the display element are such that 
a longer reset time is needed, in matrix driving the reset pulse may be given during a 
5 selection time of arow of display elements (line), which is a certain period ahead of the 

selection time for presenting infonnation to the same row of display elements (it may even be 

applied in an earlier frame time). 

The invention is not restricted to the examples mentioned above. If a 
difference in switching on and switching off speed exists, the RMS requirement of Figures 7. 

10 8 may not give tiie correct gray-value. The average voltage level among these short pulses 
should then be selected so that the resulting reflection vs time curve fits to the gray-scale 
driving voltage vs time curve. Tlie gray-levels will then not drift away by and image quality 
is significantly improved whist the image update time remains short. The use of the 
asymmetric pulses allows one to finely tune tiie pulses in order to achieve accurate gray - 

\ 3 scdXcs* 

Part of the display may be driven in another drive mode than another part and 
within a certain mode, frequencies may differ for different parts of the display as may voltage 
values and polarities of preceding voltages. 

Although a display device between two transparent substrates has been shown 
20 the support plate 7 comprising the electrodes 7 and the oil layer 5 (Figure 1 a) may even be 
immersed in an open water container. 

The invendon resides in each and every novel characteristic feature and each 
and every combination of characteristic features. Reference numerals in tiie claims do not 
limit their protective scope. Use of the verb "to comprise" and its conjugations does not 
25 exclude the presence of elements other than those stated in the claims. Use of the article "a" 
' preceding an element does not exclude the presence of a plurality of such elements. 
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1- A display device having at least one picture element (18) having an optical 

switch comprising at least one first fluid (5) and a second fluid (6) immiscible with each 
other above a first support plate (3), the second fluid being electro-conductive or polar which 
display device has driving means (13,14,15) for applying to electrodes (7, 20, 21) of the 
5 optical switch voltages associated with a range of electro-optical states of the picture element 
between and including a first extreme state and a second extreme state said driving means 
providing during selection of a picture element variable voltages to said picture element. 

2. A display device according to claim 1 comprising-^fhe fluids within a space 
10 between a first transparent siipport plate (3) and a second support plate (4). 

3. A display device according to claim 1 in which the variable voltages comprise 
a set of alternating voltages (33) having a mean value substantially equal to a voltage (Vj) 
associated with an electro-optical state of the picture element to be set 



4. A display device according to claim 3 in which the variable voltages comprise 
a DC part and an AC part the maximum and minimimi voltages of the alternating voltages 
having a having a root mean square average value substantially equal to a voltage associated 
with an e]ectroK>ptical state of the picture element to be set. 

5. A display device according to claim 4 comprising dififerent time periods for 
parts of the variable voltage curves having voltage values above said root mean square 
average value and parts of the variable voltage curves having voltage values below said root 
mean square average value. 

6. A display device according to claims 1 or 3 said driving means providing 
preceding voltages (35) to a picture element prior to said voltages associated with the electro- 
optical states. 
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7. A display device according to claim 6 in which the preceding voltages 

comprise a set of alternating voltages having an average value substantially equal to zero. 

8 A display device according to claim 6 in which the preceding voltages 

comprise a set of alternating voltages having an average value substantially equal to a voltage 
associated with an electro-optical state of the picture element to be set 

9. A display device according to claims 7 or 8 in which in driving at least one 
picture element the ampUtude of the preceding voltages decreases. 

10. A display device according to claims 7 or 8 in which in driving at least one 
picture element the frequency of the preceding voltages increases. 

11. A display device according to claims 7 or 8 in which the preceding voltages 
15 have different values for diflferent parts of the display. 

12. A display device according to claims 7 or 8 in which the preceding 
voltages have different polarities for different parts of the display. 

20 13. A display device according to claim 6 in which the preceding voltages 

comprise a voltage to said picture element bringing the picture element into one of the 
extreme states* 

14 A display device according to claims 1 or 3 said driving means providing after 
25 at least one selection period of a picture clement driving voltages of opposite polarity to said 

picture element. 

15 A display device having at least one picture element having an optical switch 
comprising at least one first fluid and a second fluid immiscible with each other within a 

30 space on a first transparent si^port plate, Ihe second fluidbeing electro-conductive or polar 
which display device has driving means for applying voltages to the electrodes associated 
withm a range of electro-optical states of the picture element between and including a first 
extreme state and a second extreme state said driving means providing prior to selection of a 
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picture element a voltage to said picture element bringing the picture element into one of the 
extreme states. 

16. A display device according to claim 15 comprising tiie fluids within a space 
between a first transparent siq>port plate (3) and a second support plate (4). 

17. A display device according to claim 15 said driving means providing the 
voltages associated with a range of electro-optical states after at least one selection period 
after bringing the picture element into one of the extreme states. 
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Several possibUities of driving devices (13,14,15) for optical switches, 
especially displays (1) based on the principle of electrowetting are given. This principle uses 
optical switches comprising a first fluid (5) and a second fluid (6) immiscible with each other 
within a space betweai a first transparent support plate (3) and a second support plate (4), the 
second fluid being electro-conductive or polar. 
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